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Table S1. Interatomic distance (in Å and organized according to bonding motifs, refer to 
figure 1(a) for atom index) in the γ-B28 phase. The number in the bracket after the atom 
index refers to the number of atoms in the icosahedron and the chain.  
 
Atom index skeleton bonds 2c-2e bonds  3c-2e bonds 
B1 (4) -B1×1 1.858 
-B2×1 1.761 
-B3×1 1.781 
-B4×1 1.841 
-B4×1 1.826 
 -B4 1.819 
-B5 2.055 
B2 (2) -B1×2 1.761 
-B3×1 1.754 
-B4×2 1.807 
-B5×1 1.674  
B3 (2) -B1×2 1.781 
-B2×1 1.754 
-B4×2 1.777 
-B3×1 1.660  
B4 (4) -B1×1 1.826 
-B1×1 1.841 
-B2×1 1.807 
-B3×1 1.777 
-B4×1 1.740 
 -B1×1 1.819 
-B5×1 1.902 
B5 (2)  -B2×1 1.674 
-B5×1 1.732  
-B1×2 2.055 
-B4×2 1.902 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S2. Interatomic distance (in Å and organized according to bonding motifs, refer to 
figure 10(a) for atom index) in the γ-B12-(B2)6 phase. The number in the bracket after the 
atom index refers to the number of atoms in the icosahedron and the chain.  
 
Atom index skeleton bonds 2c-2e bonds  3c-2e bonds 
 B1 (4) -B1×1 1.700 
-B2×1 1.790 
-B2×1 1.770 
-B3×1 1.747 
-B4×1 1.883 
-B1×1 1.662   
B2 (4) -B1×1 1.790 
-B1×1 1.770 
-B2×1 1.748 
-B3×1 1.817 
-B4×1 1.858 
 -B2×1 1.938 
-B5×1 1.820 
B3 (2) -B1×2 1.747 
-B2×2 1.817 
-B4×1 1.883 
-B5×1 1.689  
B4 (2) -B1×2 1.883 
-B2×2 1.858 
-B3×1 1.883 
-B4×1 1.870  
B5 (2)  -B3×1 1.689 
-B5×1 1.729  
-B2×2 1.820 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S3. Interatomic distance (in Å and organized according to bonding motifs, refer to 
figure 10(b) for atom index) in the γ-B12-(B⋯B)6 phase. The number in the bracket after 
the atom index refers to the number of atoms in the icosahedron and the chain.  
 
 skeleton bonds 2c-2e bonds  3c-2e bonds 
B1 (2) -B2×1 1.733 
-B3×1 1.842 
-B4×1 1.822 
-B5×1 1.918 
-B6×1 1.771 
 -B7×1 1.828 
-B7×1 2.070 
B2 (2) -B1×1 1.733 
-B3×1 1.720 
-B4×1 1.678 
-B5×1 1.757 
-B6×1 1.920 
-B2×1 1.622  
B3 (2) -B1×1 1.842 
-B2×1 1.720 
-B4×1 1.793 
-B5×1 1.913 
-B6×1 1.762 
 -B5×1 1.953 
B4 (2) -B1×1 1.822 
-B2×1 1.678 
-B3×1 1.793 
-B5×1 1.906 
-B6×1 1.757 
-B7×1 1.696  
B5 (2) -B1×1 1.918 
-B2×1 1.757 
-B3×1 1.913 
-B4×1 1.906 
-B6×1 1.859 
 -B7×1 1.890  
-B3×1 1.953 
B6 (2) -B1×1 1.771 
-B2×1 1.920 
-B3×1 1.762 
-B4×1 1.757 
-B5×1 1.859 
-B6×1 1.689  
B7 (2)  -B4×1 1.696 -B1×1 1.828 
-B1×1 2.070 
-B5×1 1.890 
-B7×1 1.791 
 
 
 
 
 
 
 
Table S4. Interatomic distance (in Å and organized according to bonding motifs, refer to 
figure 10(c) for atom index) in the α-B12-BB phase.  
 
Atom 
index 
Skeleton bonds 2c-2e bonds Atom 
index 
skeleton bonds 2c-2e bonds 
B1 -B4×1 1.906 
-B7×1 1.815  
-B8×1 1.820 
-B9×1 1.797 
-B12×1 1.845 
-B2×1 1.726 B8 -B1×1 1.820 
-B2×1 1.783 
-B7×1 1.781 
-B9×1 1.754 
-B11×1 1.768 
-B14×1 1.618 
B2 -B3×1 1.882 
-B7×1 1.821 
-B8×1 1.783 
-B10×1 1.793 
-B11×1 1.875 
-B1×1 1.726 B9 -B1×1 1.797 
-B4×1 1.794 
-B5×1 1.810 
-B8×1 1.754 
-B11×1 1.818 
-B13×1 1.681 
 
B3 -B2×1 1.882 
-B5×1 1.809 
-B6×1 1.809 
-B10×1 1.774 
-B11×1 1.817 
-B3×1 1.703 B10 -B2×1 1.793 
-B3×1 1.774 
-B6×1 1.710 
-B7×1 1.767 
-B12×1 1.800 
-B14×1 1.703  
 
B4 -B1×1 1.906 
-B5×1 1.834 
-B6×1 1.803 
-B9×1 1.794 
-B12×1 1.886 
-B4×1 1.722 B11 -B2×1 1.875 
-B3×1 1.817 
-B5×1 1.809 
-B8×1 1.768 
-B9×1 1.818 
-B12×1 1.755 
 
B5 -B3×1 1.809 
-B4×1 1.834 
-B6×1 1.782 
-B9×1 1.810 
-B11×1 1.809 
-B13×1 1.648 B12 -B1×1 1.845 
-B4×1 1.886 
-B6×1 1.753 
-B7×1 1.783 
-B10×1 1.800 
-B11×1 1.755 
 
B6 -B3×1 1.809 
-B4×1 1.803 
-B5×1 1.782 
-B10×1 1.710 
-B12×1 1.753 
-B14×1 1.707 B13  -B5×1 1.648 
-B7×1 1.699 
-B9×1 1.681 
 
B7 -B1×1 1.815 
-B2×1 1.821 
-B8×1 1.781 
-B10×1 1.767 
-B12×1 1.783 
-B13×1 1.699 B14  -B6×1 1.707 
-B8×1 1.618 
-B10×1 1.703 
 
 
 
 
 
 
 
Table S5. Electron counts for structural units and their linkage in γ-B28, γ-B12-(B2)6, γ-
B12-(B⋯B)6, and α-B12-BB. The numbers in the bracket after the structure unit refer to 
the number of electrons for the unit bonding. 
 
Phases Structure unit Linkage (2c-2e) Linkage (3c-2e) 
γ-B28 B12 (26e) 4  8  
B2 (2e) 2  4  
γ-B12-(B2)6 B12 (26e) 8  4  
B2 (2e) 2  2  
γ-B12-(B⋯B)6 B12 (26e) 6  6  
B2 (4/3e) 2  4  
α-B12-BB B12 (24e) 12  0 
B (0e) 3  0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S6. The predicted elastic moduli (GPa) for the γ-B12-(B2)6 boron crystal 
framework. 
 
Cijkl XX YY ZZ XY YZ ZX 
XX 579.4 76.3 60.0 0 0 -17.9 
YY 76.3 426.9 53.2 0  0  18.1 
ZZ 60.0 53.2 541.5 0 0 2.0 
XY 0 0 0 144.9 61.4 0.0 
YZ 0 0 0 61.4 155.0 0 
ZX -17.9 18.1 2.0 0.0 0.0 204.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S7. The predicted elastic moduli (GPa) for the γ-B12-(B⋯B)6 boron crystal 
framework. 
 
Cijkl XX YY ZZ XY YZ ZX 
XX 481.2 77.2 62.6 -42.4 11.3 -8.2 
YY 77.2 490.7 52.0 -36.1 -24.9 -6.9 
ZZ 62.6 52.0 487.1 -2.2 0.2  2.6 
XY -42.4 -36.1 -2.2 186.6 -11.9 20.6 
YZ 11.3 -24.9 0.2 -11.9 183.6 11.7 
ZX -8.2 -6.9 2.6 20.6 11.7 212.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S8. The predicted elastic moduli (GPa) for the α-B12-BB boron crystal framework. 
 
Cijkl XX YY ZZ XY YZ ZX 
XX 313.7 99.9 100.5 0.0 0.0 -8.2 
YY 99.9 374.2 143.5  0.0 0.0 56.5 
ZZ 100.5 143.5 287.1 0.0 0.0 5.6 
XY 0.0 0.0 0.0 54.3 -22.3 0.0 
YZ 0.0 0.0 0.0 -22.3 91.9 0.0 
ZX -8.2 56.4 5.6  0.0 0.0 148.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S1. 
 
Figure S1. The calculated isosurface of electron localization function (at 0.7) for γ-B28 
phase. The dashed rectangles highlight the B1−B4−B5 3c-2e bond region.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2 
 
 
Figure S2. The phonon spectrum of three new boron phases: (a) γ-B12-(B2)6 phase, (b) γ-
B12-(B⋯B)6 phase, and (c) α-B12-BB phase. 
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Figure S3. The calculated density of state and band structure of the α-B12-BB phase from 
PBE functional. It shows the similar character as that from the B3PW91 functional shown 
in Figure 13.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S4 
 
 
 
 
Figure S4. The calculated band structure of α-B12-BB phase near the Fermi surface from 
PBE functional. The solid blue line represents the HOMO and the red solid line 
represents the LUMO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
